In this paper, a new idea of reconfigurable 3 6 dB branch line coupler is proposed. The proposed coupler is tuned through a simple open and short circuit at the coupler's branches' edges. At the short edges case, a 3 dB branch line coupler is obtained. In this case, the coupler's branches are considered as microstrip transmission lines with 0.3 mm slot width which is etched in each coupler's branch. At the open edges case, the coupler's branches are considered as asymmetric coupled microstrip lines. In this case, a 6 dB branch line coupler is obtained. Both CST and IE3D simulators are used to optimize the reconfigurable 3 6 dB branch line coupler dimensions. As a prototypes, two BLCs are designed, analyzed and tested at the "on" and "off" states at 2.5 GHz.
Introduction
Branch line couplers, parallel coupled-line couplers, and rat-race hybrids are very important passive components in many wireless communication and microwave systems. There are lots of applications of 90˚ hybrid and 180˚ hybrid branch-line tight couplers such as −3 dB or −6 dB coupler in modern microwave and millimeter wave communication systems. It is used widely [1] [2] in adaptive antenna arrays, balanced amplifiers, phase shifters, data modulators, balanced mixers, etc. To develop the 3-dB parallel coupled-line coupler, long coupled lines and tight coupling are often required. In particular, to result in tight coupl-ing, the Lange coupler [3] [4] [5] , and tandem type [6] [7] [8] [9] have been utilized. However, complicated multilayered circuitry is necessary due to these coupled structures' narrow line widths and narrow gaps between coupled lines.
Further, to design the coupling between 3.0 and 6.0 dB, a crossover connection between the output arms may be needed for the planar rat-race hybrid [10] .
Fortunately, the branch line coupler can easily achieve the tight coupling using planar structures. The conventional branch-line coupler employs four quarter wavelength ( 4 λ ) transmission lines. Generally good performance and 90˚ phase shift between the coupled port and the through port are obtained in the narrow within the vicinity of center frequency. The branch line coupler can be realized using planar transmission line, artificial transmission line [11] and nonuniform trans-mission line [12] , but both of the artificial and nonuniform transmission lines are difficult in fabrications. A branch line coupler using the lumped-element with asymmetrical E-equivalent sections was described at [13] for bandwidth enhancement, but the lumped element S-parameters was varied at higher frequency. A compact 3 dB branch-line coupler using substrate integrated suspended line (SISL) technology was proposed in [14] , but it had a lot of complexity due to multilayer fabrication process. In [15] , a miniaturization of the conventional branch line coupler was done by adding open stub to the series and parallel transmission line of the conventional 3 dB coupler. Although such design gives a better performance, it suffers from the decrease in the operating bandwidth. The same idea was used with replacing the traditional 4 λ lines with multi-T-shaped lines [16] , but multi-T shaped lines affected the phase difference between the two output ports. Another method without lumped components or DGS structure is applied to realize the miniaturization of branch-line coupler.
Firstly, a novel center-symmetrical spiral-interdigital resonator (CSSIR) was presented, then a miniaturized branch-line coupler, which was with the CSSIR unit cells embedded into the branch and parallel lines, was designed [17] . The overall operating bandwidth is small due to spiral interdigital resonators. A branch line coupler with a wide passband, utilizing multi sectional idea is given in [18] . The overall size of such coupler is very large and can be nearly minimized using the defected ground structure under the vertical branches. In this article, a new idea of reconfigurable 3 6 dB branch line coupler is proposed,
where it uses only a simple open and short circuit at branch line coupler edges to develop 3 dB or 6 dB branch line coupler.
Analytical Analysis and Design of Branch Line Coupler
In the branch line coupler presented in Figure 1 , the characteristic impedances 
Even and Odd Mode Analysis
For the even mode Figure 2 
For even mode, the ABCD parameters could be written as Equation (2) and ABCD parameters are given by Equation (3).
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For odd mode, the ABCD parameters could be written as Equation (4) and the ABCD parameters are given by Equation (5).
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Second matching condition states that 2 e e o B C Z = , using Equation (3.b) and (c), the following equations could be written and simplified as:
Transmission from Port 1 to Port 2 and from Port 1 to Port 3 could be written using vector representation given by Equation (1) Using Equation (6.b) and Equation (9) , the following equations could be written and simplified to find the ratio of signals travelling through Ports 2 and 3 which could be formed as 21 
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Using Equation (11) and Equation (13) the following equation could be written as:
This relationship governs the power division between the output ports of the coupler. Figure 4 shows the design and analysis steps for a branch line coupler with any lengths, impedances and division ratios.
Conventional 3 dB Branch Line Coupler
The three design Equations (7) (8) and (14) could be used for the design of 3 dB branch line coupler. For the 3 dB branch line coupler,
and other parameters could be found as
Conventional 6 dB Branch Line Coupler
The conventional 6 dB branch line coupler could be designed using the three design Equations (7) (8) and (14) . For the 6 dB, 1 2 k = , Table 1 shows different parameters values for 3 dB, 6 dB, 9 dB and 10 dB BLCs. Based on previous equations, a Matlab code has been built to calculate the S-parameters for different BLCs. Figures 5-8 show the analytical calculated S-parameters for the for 3 dB, 6 dB, 9 dB and 10 dB BLCs, respectively. One can notice that an all BLCs resonate at 2.5 GHz but with different division ratios according to Table 1 . 
Proposed Reconfigurable 3 6 dB BLC
The proposed branch-line coupler BLC is composed of four quarter-wavelength transmission-line sections with variable impedances at a designated frequency.
Each transmission line consists of two adjacent transmission lines which could be connected or separated at it's edges as shown in Figure 9 . Since BLC, characteristics including resonant frequency and the power division ratio k are determined mostly by its transmission-line length and impedance, varying its geometry mechanically provides an intuitive method to reconfigure its resonant and division ratio. By using photolithography technique, planar BLC in the form of conductive traces can be fabricated. An open or short process changes dynamically the transmission line section width and enables different division ratio applications. Based on the above analysis and for verification, a reconfigurable 3 6 dB branch-line coupler operating at 2.5 GHz is designed, simulated, and fabricated. For In the on state the microstrip line sections could be considered as conventional printed microstrip lines [1] and its widths w could be found using Equation (15) . Table 2 shows the calculated dimensions of the 3 dB BLC. CST [19] and IE3d [20] simulators are used to obtain the S-parameters of the 3 dB BLC after adding a slits of widths of 0.3 mm to the coupler's branches Figure 9 (a). It should be noted that the coupler's branches are still connected at its edges. The optimized dimensions using CST and IE3D are given in Table 2 ters at on conditions using IE3D and CST simulators, respectively, where the 3 dB point is obtained at 2.5 GHz using IE3D and at 2.6 GHz using CST which may refer to different numerical techniques and different boundary conditions Figure 14 . (a) Proposed 3 6 dB coupler measured and IE3D simulated S-parameters at short state; (b) Proposed 3 6 dB coupler measured and CST simulated S-parameters at short state.
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Conclusion
A reconfigurable 3 6 dB novel branch line coupler was proposed in this paper.
A unique feature of the proposed structure is that the tuning is through simple open and short circuit at the BLC's branches' edges. For fabrication simplicity, two structures were fabricated, one for open state and the other for the short one. A 3 dB BLC was obtained at short state and the 6 dB BLC was also obtained at open state. Full-wave analysis using both CST and IE3D simulators was applied to the designated reconfigurable 3 6 dB BLC frequency band. Two BLC prototypes were designed and tested at the "on" and "off" states. BLC characteristics at the frequency band were characterized. The measured S-parameters confirm the proposed concept of reconfigurable 3 6 dB BLC. The open/short state can be realized using PIN diodes or MEMs switch with only one coupler 
